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ABSTRACT;  In  order  to  have  a  cett'.*r  basis  for  comparing 
explosive  electro*statlc  se.%s.tlv;ty  iroasurerents  made  in  the 
United  Kinadoei  (.-ixplnslves  .“-‘search  i  Cevelopr.ent  istablisheent, 
•valtha's  Abbty),  and  the  United  States  0-aval  trdnance  Labora* 
tery,  .Vhite  •.  ak,  V.aryland)  a  replica  of  the  E.a.C.S.  aeparatua 
has  been  built  ai'.d  used  at  'KL,  Substantially  identical 
results  nn  si.e.ilar  c«plasives  eerc  obtained  on  the  crialnal 
c.R.O.I.  apparatus  and  on  its  replica.  A  nu.c:ber  of  explosives 
»er#  tested  tor  the  first  tl;"e  cn  the  S.H.D.c.  type  of 
ec-paratus:  rar.ely  metal/oxicar.t  e-ixtures  containino  rircanltn* 
tK-ron^or  titanius,  graphl*e  coated  ameoniun  perchlorate, 
a-nonius  perchlorate/alu-'inur,  'iS  propellant.  tMNL-,  and  CATS, 
tther  runs  *ere  n-ide  to  co.*:  »re  the  relative  sensitivities 
of  pri^'ary  and  secondary  exrlcslves  and,  where  possible, 
relate  thes*  results  to  these  obtained  In  the  U.K, 

8y  the  »ork  performed  It  was  found  that  there  is  no  lar^e 
variation  in  sensitivity  of  roreal  lead  styphnate  alih  particle 
site:  toe  sensitivity  uf  explcslves  and  reactive  it 

somewhat  afficted  by  the  polarity  of  the  electrodes;  the 
sensitivity  of  m.«taI*oxidan*.  r.ixtures  based  on  zirconiun.  boron, 
or  tl'enium  is  about  that  of  crlmary  explosives;  an-J  a't'onlum 
pvrchlorate  mixtures  are  insensitive  to  electrostatic  dis:liar9et. 


.  .‘aX-  • 


At  »rlusiv-.s  R-s-*eTch  and  levclcprent  Istabllsh-ment, 
..ilth,-,r.  -Mney,  -.njland 

Ihis  wi  rk  was  carried  cut  ehile  Ur.  ..-/stv  eas  in  residence 
at  :•  L  as  a  visit inq  research  scientist. 
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1  Jar.e  1%9 


Dr.  R.  M.  H.  A'yett  of  the  t.l.O.S. ,  Gaither*  Abbey,  United 
KinqdoM,  was  assigned  to  the  Nt L  for  a  period  of  two  years 
as  an  exchange  re'earch  sclent ist.  aihlle  at  ‘y.  L  he  cursued, 
along  with  other  explosive  sensitivity  problcn^,  the  electro¬ 
static  sensitivity  of  explosives,  work  he  «as  criglnally 
as*ociated  with  in  the  U.  !he  work  was  done  to  develop 
better  methods  for  obtaining  comparable  resalts  be*»efcn  la.L 
and  U.  K.  tests  and  to  study  certain  rew  exoloxive  •’■aterl als. 
The  present  report  is  a  resuse  of  Dr.  '.iyatt's  work  in  the 
electro-static  sensitivity  field  during  his  tcur  of  duty  at 
ItL.  It  should  be  of  Interest  to  scientists  werxing  the 
field  of  explosive  sensitivity  and  the  process  of  iritiation. 

This  work  was  carried  out  under  Task  No.  iCT-5T5/b»02T/010't0, 
Guided  .visslle  Pure  ..xplosive  Train  ‘ie-.earch.  T'.ese  studies 
b»ar  on  .xnlosives  research  Key  r'robler.  7.7.7  —  Investigate 
♦he  basic  trochanisia  of  Initiation  of  explosives;  develop  new 
and  more  r-liaole  tests  for  sensitivity  —  listed  in  Navt  rd 
Keoort  390h. 


A.  PE”-- 
Captaln,  USN 
Commander 
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'.‘•n  iLir:?*  static  sj’ark  sct^iTiviTv  cr 
yjLK  Eatucives  a::d  .vctau/V  aIca:.!  jiixrunis 


■'w  2C  4* 

~h*  »  ?3>  L  ErjrV  £  ■?‘.s:tivi*v  Hgulnncnt 

1.  Th#  s.^^rk  sensitivity  tester  at  tk.L  (described  in 
:*.L”  S95?,  reference  (a),  and  subse(;uently  nodifici)  enplcys 
a  variable  vacuum  capacitor  of  ranqe  0-5C0  r.icro-^microf arads 
(T.'Tifd)  and  a  O'.  po«er  supply  of  range  0-20  KV.  The  approach 
limit  of  the  electrode  gap  is  set  at  O.Oi  inch,  the  potential 
at  S.OtX)  volts,  .»nd  the  capacity  varied  tc  alter  the  energy  of 
the  spark.  For  an  actual  test  the  spring  loaded  upper  needle 
electrode  is  orought  reoidly  doen  tomard  the  fixed  base 
electrode  (ui*cn  which  the  exrlos.^e  is  placed^  by  giving  it 
a  sh.irp  blc«  with  the  hand. 


The  Crerk  Sensitivity  Vcrk  at  i.a.p.E. 

2.  *ht  author  and  his  colleagues  at  the  Cxplcslves 
Research  and  Teveicosent  istablishment  (c..^.0.E.).  Ualtha* 
.'Jbcey,  injlar.d,  have  carried  cut  experiments  on  the  electro¬ 
static  snark  sensitivity  cf  bulk  explosives  over  a  wide  range 
cf  canecity  ai.J  veil:-;*  with  an  spp.-sratus  similar  to,  but  net 
identical  with,  that  niscv««ed  above.  The  crinciplo  difference 
cet-een  the  t.'O  eguin-e.T.s  is. that  the  one  in  the  U.  K.  is 
such  tnti  the  upper  elrc* rod'  can  be  made  to  :"aVe  contact, 
if  r.ec.jssafy,  with  the  case  electrode,  "creover,  the  bee* 
el-c*rcrte  esn  be  cither  steel  cr  a  non-metal,  the  latter 
sivjlatlnc  mere  closely  an  accidental  static  discharge 
li.vclvinn  an  eperater. 


•  In  this  repcrl  the  clectrcdes  *111  be  designated  by  the 
ca-mPlnaticn  of  materials  «:se«l  with  the  upter  eloctrcde 
al-vays  givsn  first.  Fcr  exanpl*,  steel/ruboer  signifies 
that  tha  upper  •lectrcde  r-as  «te-»l  and  the  base  el»ctrcd* 
rubber.  Cfeel/steel  wcuU  signify  a  steel  upper  electrcd* 
end  a  steel  bate  electrode. 
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3.  Toll.-wlnq  conclu«lon«  con  be  droiMi  from  the  vperk 

In  the  U.  K.  doscribed  l»  teferenees  (b>»  (c),  (d>,  (c).  ond 
(f). 

(«)  >?«■■{  no  wot  oI/t.-*  .■»!  th»‘te  j»re  tM> 

o<  of  ooit  ^iW*^  3?ide<  • 

a  i-iM>  «?n**r\iY  r»-«uc-ft  iovolvir»i»  f.hcrt  ore 
d; rich trf ->s  inrt  a  t  •  ib  ener-trf  r«.o;  involvtni 
dischjroo?. 

(b)  for  le.id  styhnate  and  Liy.*n*hore  I<  r.ot  * 

^h;trp  dist  inc  ■  ten  tFe  » -nu  r«?ftiont 

:»iontipn«?d  in  or  eve.  Thi\  is  twidvneed 

CT  the  f.ict  ihot  there  is  little  cisconiinulty 
in  the  curve  of  percent»oe  i9ni*ion  uith  energy. 
(These  two  crplcsives  are  considerably  eK>re 
sensitive  to  gaseous  dlscharoes  than  the  two 
azides.) 

Jc)  l.cad  azide  (i.e.  cf  97  rercent  or  iffor?  ruritvl 
Is  r.c-re  sensiTTve  than  lead  st  /rhnate  to 
elecTical  dischartes  *»ety.«»?o  isctaiywetal 
fflec* rstr«s  if  doth  r«»n inns  of  icnition  are 
*. A«cn  into  account .  this  is  tprositc  to  v.hat 

is  esperienced  in  practice  /.hen  manufacturing 
the  two  explosives  and  filling  then  into  dcto~ 
naters,  priners,  etc.  ttany  accidents  with  lead 
styf-hnate  have  been  caused  through  Ig.iition  by 
stray  electrical  dischaioes;  whereas  lead  J?id* 
accicants  naw  usually  b*en  caused  by  sone 
ir.echinlcal  agency  suen  as  a  frictional  blow  and. 
to  the  author's  i»ncwl*?dge,  nene  havo  been 
attributed  to  elec'rlcal  dlscharo-'s.  This 
su'i  jesis  that  the  rethod  of  test  •islny  condenser 
discharges  het--. ten  netal/aetal  electruces  in  a 
circuit  of  lew  resistance  do*-s  net  reproduce 
the  ‘ype  of  discharge  taVlni  plac-*  in  pr..c*icc. 
hisch.:rjes  fres  th*»  operator  (the  ostial  source 
cf  •’m'tiy)  will  s.ost  liV-ly  take  nl.ice  frost  a 
finger,  i.e.  l.i  a  c.rcult  centj^ninj  at  Icesl 
cne  non-r.a- allsc  electrode,  •nd  a  r-slstance  of 
about  vfrts  derendlng  nainly  on  the  cen- 

dl'ian  of  the  s^in.  These  t.»o  t'. :julren(i?r.;s  .re 
eri.oJi^o  in  1..0  i-.rescnt  aelhod  of  leslin).  ’.re 
robbi-r  base  ol'-ctrode  consist;  cf  stsel  c«-vcr<-d 
by  a  pivce  of  cvodwctlog  rubi-'j-  fixed  to  it  by 
conduct Inj  adh-slve.  This  sieple  alteration 
changes  on*  of  the  electrodes  to  a  ron-Retalllc 

*  lead  2:4  dini troresorclaato 
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c*e  and  autcTatlcally  !ot  a  rf»i't*nce 

<;  xlraioly  10»,r'<)  c^^.^  <cr  o  ccn» 

.*'.cn  test?  ore  carried  o*jt  v\l’.h  thl» 

.»rrar ;<-ent ,  the  lc«  or.eroy  cf  ignition 

c‘  leavi  Jtlde  is  fl  i.s*ln.\t  .'d,  \.i.  load  sljrhnale 
Is  r.c*  rc-r.'  s^'nsitivv  than  lead  artie  «s  is  found 
in  cr'"!';*. 

t d )  I*'  ■<!  *-'<•■  al  elect  r ^d.>s  and  ;.ero  added 

re:-.**,*:*  t  i-»  ' ‘i  ni~v.^~F' •'i ; T-rTv  i'> 
ir --'T-^r  0!  ca:.-''e;;v  ■  v-i  ^  m  :a  r  ie. 

;:r.  l.',a  s:>cVr.ale,  ftr  ananple,  t.'.eninTrun 
icn  ener  sy  rer.air.s  constant  fer  the  ran^a 
ICO  to  .'.'.COO  rir.fd.  «3oing  below  103  n.T.rd,  this 
o-.erov  decreases  with  decre/sina  caracity  until 
a  ce.'etf.y  ct  irnfd  Is  reached,  “urther 
recucticn  In  capacity  causes  an  ircrease  In  the 
rir.'.r_-  icr.ilioo  energy.  Above  iO.CX"*  iwfd,  the 
e.teroy  increases,  referenca  (e). 

(•)  -“e*  »!■  *?utber  e?ec*rcd»s  ar*  <.*  ?d.  *h? 

tc-f.tcn  eocrav  is  no  !•*  *-'r  iro»!  endent 
c*  c  T  >c:*  ■•  am  van ^5  <»v,«r  the  »>**le  r 

;«  e  rjnt-un  capacity  t.r  t^nficn. 

FTi.a  «■*•.  ;  :“iT*  ion  a;T1  r.;,-,.  t  c^'e  rla;.».  no' 

•  e?  e- .»Y ct-^nr i al  Is  olecej  c*  ;t. 

‘•e  r»i.»t.»ree  ct  tr.e  rubber  ce-;<^s  the  soark 
oi*c^#rt:  to  be  ..  it  ln‘o  several  :t,»r:s  depend- 
irt  cn  ;*e  oeoeclty  end  Initlil  vrl'a^e. 
C.-i-'r-e.**.lv  ‘he  Individual  d.se'‘jr?es  -ay  or 
-a.  '•Jt  have  sufflcie.'it  energy  In  then  to 
♦•■f-.'Ct  i —it ion.  This  fceconos  -::s  irctr’ant 
the  «'>ller  ;•'«  cacaci’y,  and  as  a  result  a 
.i.'I  C’r»clty  --erges,  I,*,  r?  'Jtter  what 
p;:. ;s  oluced  cr.  that  cj'.'aci*>.  the 
i":'.\ i.'.s’.  c.'chornes  «ili  *«jve  i's.-.clcieftl 
e*»r:v  *?  ivii'e  the  e<rloslV'',  r^f  trerca  (c). 

Mit*.  T'ec  S'.y.’nnate  th'  flni.-i.r  c>r-':'*y  is 
V-:-  Aitn  lead  e*ide  cf  hi:.*  jurity  it 

is  s-\.r‘l  '-'or-’d  •rfd,  and  :’:r  '-Atrir.eted 
ie::  i.*;ce  .t  is  Tore  than  l.rc?  .-.•fc. 


V- .  •.••.•  ;  .'.v,.-.’/. 
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4.  The  esti-itlon  cf  static  harard  re.-uir-fS  a  esrst 
lonu  serie*  cf  tests  iir:e  the  variaticn  cf  i.ti i.j-.i*icn 
energy  has  to  te  cetfr-locd  ever  a  wide  ranee  cf  cerecit'es. 

■^he  results  ara  test  s*'cwn  crsthicaliy.  Ilowevar.  ct  ’he  basis 
of  present  »nc*.le.-;e  of  fYr.tl»lvll/  ever  »he  rarp.*  cf  ca-.-eclty 
up’  to  S,v\’C  rerfs,  it  ts  r.ssibi#  to  'ierive  a  fair  estirate  of 
harard  merely  ty  csterr  i-i j  the  ninimua  energy  at  ssy  513  retd. 
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r'. for id)  -ird  (o).  {This  »r>f'Uoi  only  to  singlo  compounds 
In  j  fairly  puio  stato  and  no*,  to  nixturos.) 


•  •  • 


N>r  ^"no  of  .1  5"d  =.R.O..-.  cqtuHs 


6.  Thero 
obtainod  at  1 
load  sty;'hno*o 
roforonce  (:)  t 
arrarontly  loss 
'ritish  forrs  : 
~Z  lj<'5'.  Thi? 
oxror iorco,  ro: 
or.’r.j/  fer  ncr« 
styrhnafo  as  1.' 
difforoncos  ha\ 
tho  eours#  cf  r 
.'or*al  load  s*,> 
ncn^l-inl*  ic. 
fiouffj,  roforo.* 
<sl  oris  fer  *. 
ebtainod  In  10 
tro  volts). 


fias  not  ccmplo’.o  .  ;reoTont  botwoon  tho  rosults 
and  i.S.O.J.  for  tho  s< ncllivi il»s  of  basic 
I'd  rornal  load  s'yehnato.  For  oxa.-nplo, 

-c-od  that  II.  S.  basic  load  s*vphn.'.:o  nas 
sooiitivo  than  r:r*al  loud  styp‘'notc  «nj  the 
f  basic  load  $ty«  hna:o  designated  ai:  I  Mo  and 
rjsult  soorr.ed  unil«olY  on  the  basis  of  U.  K. 
Tore**  (o).  KeJorof.co  (hj  gave  tbo  naxiirum 
ienlticn  cf  svbslovo  and  milled  ncmaJ  l.«o 
and  '0  ergs,  rospoctlooly.  Suvh  lar<,» 

0  not  bo.»n  onccuntored  In  the  C.  K.  during 
:ati".o  testing  of  a  variety  of  samples  of 
r-.nate  and  the  figures  foi  rtaxlisan  energy  for 
VO  always  be«n  in’the  reglcn  of  the  s.-sailer 
.♦  (c).  riefotonco  (g)  Indicated  an  energy  of 
r.illod  raterlal  (t«o  l-jnitions  )*cre 
trial*  wiih  a  cipaclty  of  tO  tv  .‘d  charged  to 


>  *  !nv-»s*  1  •?»t  :^ns 

f.  !n  rtziz  *o  irvos*  i  rat.'  ‘hole  apparent  anomalies  It 
A»«  d.c;do<*  t'  •.«*.  t.-e  -■  spies'. v  s  \,r.dor  .tonparable  s.‘is  of 
errliticri,  tl«;  a  r.ooc  had  d%'veloo'»d  for  inforration  in 
tortain  c*hrr  tr^as.  'he  folle*inj  is  a  list  of  the  additional 
otrlosives  a'..;*.  't’-died.  "'I.oy  *ere  either  '.•  <»  to  *he 

auttor  or  t;.-.-  'a:  .i:;  Le\n  tvtl^^u  oy  tho  r:et3l,'ruiaer  meiho-l: 

‘ctal  :»'.jaT.  c.-npnslt  lens  based  on  rlrccnlun, 
tirc.-i,  or  alu'lntin 

.  Z.  •f'rrtene 

1."'.:.  .'.t-isslun  *>*anitrcdlphenylamlne) 

D-.'-  1 ;  »-;nc*.rinltrrben:ene) 

he  list  t>»c  e»:l:s!ves' necessitated,  for  cc.e.parltcn  purnosev, 
•zlals  on  .-La.  ‘-.T\,  and  tetryi. 
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H.  In  orrftfr  to  obtain  co-parabl#  condltlont.  It  ««« 
d*cld«d  to  build  a  roptlca  oC  tha  U.  v.  V3JTa*.u»  r*th^T  ♦bai» 
rodlfy  tha  a*istlng  NOL  apparatui,  Tha  choice  »a»  -tiad#  for 
followln9  i%»ascn«; 

(a)  An  Identical  facility  would  be  availabU  at 
the  two  laboratorlat  for  cui*partton  purpotoi. 

Ib)  Tha  NOL  apparatu*  «a«  otad  to  ta»t  loaded 
conponants  baaicaa  loose  explosive  and  was 
best  left  untouched. 

*ha  construction  details  of  the  NOL  version  of  the  F.R.O.E. 
a  )par.»tus  ara  given  in  paragraphs  9  through  19  below. 

tA.'L  VEhSK'N  C'f  THE  £.«t.0.£.  APPAHATUS 
•■■l*‘C*rode  Assor»blv 

9.  A  copy  of  the  electrode  assembly  as  described  in 
reference  (a)  was  made  from  linen  phenolic  sheet  1/4. inch 
thick.  Figure  1.  The  movable  arm  was  insulated  from  th* 
remainder  of  the  assembly  by  a  Tvflcn  sl;«ve,  Fiaure  1, 
point  A.  The  top  half  of  the  apparatus  was  Insulated  fr-m 
•he  base  by  two  sheets  of  polystyrene.  Figure  1.  point  !». 

10.  Ooye,  E«tra  Loud  phonooraph  needles  were  used  for 
•he  upper  needle  electrode.  Piu.'b-bcb  electrodes  wen  made 
.IS  described  in  reference  (c}.  The  base  -lectrodes  were 
solid  cylinders  cl  hardened  steel  J/4.inch  dia-cter,  j/4. 
i.n.h  niqn  (i.e.  si-llar  to  J/4-inch  rollers  in  a  roller 

0»scs  of  cenducting  rjpber  i/2-i.;ch  dia-eter 
li/J2-iniS  w-re  cut  fro'^  the  stcck  held  at 

.1  UhfcS  /tbe/.clnce  there  was  no  r-tfcer  available  at*NCL** 
in  the  reitilred  range  of  resistance.  These  were  fixed  to 
•he  steel  h.jce  eI«c*ro-Jei  ey  roars  cf  a  tenduc^ing  adhesive 
.  r.-s  gracMts  pv«der  nia»d  w;th  tr.e  !»ini-um  cf  .Vvedyear 
ichuno.  Tf"  r-.-sultant  resistance  witn  a  point  contact  was 
s».-c*iia*  lower  than  100, OOC  oh-s,  but  as  tne  resistance 
increases  with  uxw  they  were  arc-ptable. 

•'•ndensers 

11.  Plait  icon  Glassmlke  condensers  ra’ed  a*  10  kV  DC 
with  capa:i»ies  as  indicated  ir  Table  1  we-e  used,  The-e 
•ere  fixed  at  point  C,  Figure  1,  when  regilred. 
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T«bU  1 

Lt«t  of  1C  KVOC  Capacitor* 

"cal nil 

C33.»citv  ?:o.  Actual  Caraclty 

•>00  onfd  J  4  JO,  ^00  nmfd 

l.CCO  •  2  I.CIO.  I.CSO  • 

i.cco  •  I  I.ato 

5.000  "  1  4.050 

C.03  mfd  2  O.C355,  0.029^  nfd 

0.1"  2  O.0939,  0.0957 

Tct  245  per/d.  th«  470- and  500.iKr.fd  ccr.J^nsets  Hkcre  cor.ncclad 
In  sjries.  Fcr  167  rrfd.  t.5e  47C-.  S'*:*.  a.“.d  50'>rw‘.fd  ccn- 

cconccltfd  in  stories*  (.his  ccffbinjtioft  iwos  us6q 
cnly  cn  t<»o  cccasions.)  Tor  0.2  ofd,  *.«io  0.1»mfd 

mere  connccl»?d  in  parallel,  vne  larger  capacitor, 
Ti'.ti  at  2  fXX  wa*  aUo  used.  This  has  a  nonlml  capacity 
cf  0.25  cfd  (actual  0.257  mfd). 

12.  For  capacities  below  ICO  r«fd,  lenQtht  of  coaxial 
cable  I’vpe  ?.‘R)  were  rountod  o.-.  a  weeien  strip,  the  central 
•ire  ter-ilnal  being  suitably  insjla*ed  from  the  beard,  with 
the  s-.-ath  crou.-.ded,  tee  rioute  2.  Fcr  a  c.'p.tcity  of  30 
._.V4  thr-*e  ieraths  of  10-1/2  Inches  each  *cj-*  connected  in 
parellJl.  Fcr  capacities  of  25  nrtd,  IC  -n:  t  and  5  r.-nfd, 
slr.jle  lenjths  of  10.  4,  and  2  inches.  rMrecll.ely  were 
uses,  thete  ecaxlal  cable  capacitoss  ccalC  rot  be  charged 
.Cvve  4  , 


l.t.  It  eas  realiied  that 


vhe  electrcce  assembly  and 

le«:s  rrcbafcly  had  a  caT.tcity  of  tewrel  r-r-'d.  hhen 
caracitlcs  of *25  rr.fd  or  mere  »*'re  attached  to  the  apparatus 
the  c;rTltutlcn  (rem  the  ettemoly  J-.d  Iea..:s  cojld  be  ignored. 
Fcr  carecitles  of  10  and  5  r.r.fd,  tr.e  a.t.'ltionai  eanacity 
-jv*s  a  cor»l->rabl»  contricutiun  to  tr.e  tol3l  capaci’y. 
’-••.'■•ar,  r->  a:te-.pl  was  nade  tc  reciure  tr*  cipactty  cf  the 
el-ctfcde  asserely  and  leads,  since  tV*':v>*oll  picture  and 
crr.tl-sicr.s  e.uM  not  be  altered. 
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Tochnfiiu*  for  Choctctno  lcw-Vohj-T<»  Olschargifs. 

15.  For  potentials  of  less  than  3S0  volts  the  discharge 
cuuld  occur  without  visual  indication.  It  was  ihvrefore 
neiessary  to  check  whether  or  not  3  discharge  actually  took 
place  when  the  upper  electrode  was  brought  down  to  the  base 
electrode.  This  was  acccnpiished  by  sharing  any  residual 
charge  on  that  capacitor  with  another  of  suitable  sire  so 
that  the  potential  on  the  two  of  them  could  be  measured  cn 

a  120-yolt  electrostatic  voltmeter  made  by  the  Sensitive 
Research  Instrument  Corporation.  (This  Instruireni  could 
not  be  used  very  satisfactorily  with  '.he  capacitors  of 
b,  10,  and  2j  r.T.{d  when  charged  to  potentials  under  bOO 
volts.  Its  own  capacity  wasmuch  larger  than  ?5  mmfd,  and 
thus  the  potential  was  reduced  to  tco  luw  a  figure  for  tha 
instrument  to  register.  It  would  have  been  preferable  in 
these  cases  to  use  a  L'r.denann  electrometer  es  this  has  a  aa,ch 
smaller  internal  capacity.) 

Firing  Chamber  and  Sample  Preparation  Chanber. 

16.  The  firing  chamber  and  sample  preparation  chamber. 
Figure  3,  wore  eonstructrd  frem  sheets  of  1/4-lnch  Plexiglas 
and  aluminum  angle  strips.  The  top,  front,  md  sides  were 
covered  with  sheets  of  l/d«ir.ch  “omollte,  a  transparent 
plastic  of  reduced  electrical  resistance.  V.hitnever  this 
sheeting  is  rubbed,  the  voltage  built  up  ott  it  is  much  less 
than  would  be  built  up  on  Mexiglis  and  thus  the  chance 

of  inducing  dangercus' ehargjs  on  the  op«raior  due  to 
inadvertent  rubbing  of  ;ha  chamber  was  much  reduced, 

IT.  Sample  preparation  was  carried  cut  in  the  right- 
hand  compartment.  A  grounded  metal  sheet  was  p>loced  on  the 
floor  to  ground  the  operator  while  he  war  handling  the 
explosive. 

n.  The  eloctreae  esserbly  was  placed  In  the  left- 
hand  cc!rp.rr tment  and  she  eperajor  s>ced  or  set  on  a  stool, 
insulated  from  the  floor  by  s  rotber  stieot.  ».  microswitch 
w.,s  fitted  to  the  door  of  the  firing  chamher  so  that  *he 
Ia,’  fcw-r  supply  was  switched  off  whenever  it  was  necessary 
to  adjust  onyth.ng  inside  the  chamber,  e.g.  ch.«n<ting  the 
ne‘»dl«  or  to  cl".nn  up  after  a  set  of  trials.  All  movements 
of  'he  evplosive  s-mples  were  carried  out  from  the  oii'side, 
using  the  special  handling  tool,  Figure  4.  .n«  latter  was 

grounded  whenever  it  was  in  use  since  the  edg-s  of  the 
a:-.erture  througn  which  if  was  pl.tced  were  permanently 
g.-ound-’d. 


i 


i 


CONF10£NTIAL 

J.avi  rd  6tii2 


K,  Th$  c^.-.”'b-?r  »'.n  coonoctod  to  an  oulstlno  exhaust- 
fan  'ysten  by  b-lnch  ductlnn, 

ro.  Th'-  labcratory  sp.’ce  in  which  the  tc'-t*  fcre 
carried  cut  could  be  H‘*hunldi f led  and  experiwenl^  wore  not 
usually  carried  cut  in  an  almost'hot''  of  ar*  rter  tn*n  di 
•»erc»'nt  relative  hv'.idlty* 

•vniKU  tf  T£ct!:j3 

rin  j  ;  rcc  i.fure  .  .... 

m  $.ir.i-iles  v.ere  preparcc  ny  c lacing  about  h  to  -5 
-.a.  cf  explosive  {depending  cr.  tnelr  bulk  density)  on  tho 
steel  or  rurb.r  base  .‘Icct ro<!es»  ?l-:ure  4,  A  filling  plate 
t’chnloue,  such  a?  descrired  in  ff-'rence  (c).  Is  a  precis' 
jv  of  eb'ainir.'  a  uniform  chsrge;  however,  a  apatula  nethoo 
..js  used  in  these  experiments  o-cause  rest  of  the  powders 
te«t*.d  hod  soot  flow  r-rooettios,  naKlnc  the  plate  method 
unties ible. 

A  c  cd.nser  of  ajirrocriate  cap'cltv  for  the  explosive 
under  test  was  fix-.d  to  the  electrode  assembly  at  shown  In 
rijure  1.  The  output  of  the  hlch  voltage  unit  was  set  to  the 
petvatial  to  •••hien  the  condenser  ''.as  to  be  charged, 

JJ.  n  sarnie  was  passed  threuah  th«  aperture  between 
th>'  flri.tj  ch.-.rber  and  the  sample  preparation  chamber  and 
-Ijcevi  on  the  platfrrm  of  the  el.ctrcJe  assembly.  *he 
c.ndenser  w-'-s  t'.jn  ch*ri«d  by  rotating  the  handle,  see 
rl  :ures  1  and  j,  sc  that  the  solid  brass  ccnlaci  dlrrctl> 
at-.'ve  t:-.c  r.hcn,  J:a;h  needle  touched  the  source  of  high 
-ct  ntial.'  voltmeter  rej-ain-.-d  Its  original  reading, 

t’.e  canari'or  r.ari  b.cn  ch..ro*j  to  the  cn..Sv'n  pcivr.tlal. 

•y  rrt  v.lm  the  handle  in  *he  c.'grsltv  dircctlpn,  the 
c.'.jrgee  car.cltcr  was  then  isolated  frem  the  charging 
circuit,  ai<d  on  farther  rctiticr.  the  Ui.-pvr  electrcde  .eas 
ircu'-.t  J.-n  t'warfs  the  base  ^lecttcd*  upon  .Mile',  th* 
x'.-'rivv'  l^y.  ..;vr.  the  two  .lectrio's  s-jf  tic  lent  ly 

r.e.,r,  a  dl<chwrge  t.ck  place. 

Id.  •  sua’!/  :  tr..«  trials  xere  carried  out  in  each 
j,. '-Iv  »"•'  exrl’SiVe  .r  the  case  electxcd.'.  A  tr.sr.  ;crtLun 
J;  -x-.lcslv-  -...s  .xpcs.M*  to  tfie  lisohn  ;e  by  mc.vinj  the 
•I'Ctr-j:.;  -.tc-t  .n.  t(.’  flatfer-.  '.ftet  the  series  of  on-, 

•  •7,  zt  t'.r.’e  tt‘tls.  depi-nd ; n :  U'on  whether  cr  net  the 
:x  iasiv-  fir  •-•,  the  o.iSe  olecticce  was  moved  t.i  i  flat 
»c«c.»  ta  ::se  r:..':  rf  th.*  <»lectr.~a  i-.sembly.  rigjre  3.  A 
•rein  '--n!.,  .-.A  or-jjht  Ihrcu.r.  the  apetturt  frem  the 
rr  t'ratln  sir*.  ..l.-n  the  Cc.-rlet .»  »-t  of  trials  (ncrmally 
bT)  at  anv  en.-rty  condition  hid  fcein  carried  out,  the 
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unconfumcd  ’'xplosivA  was  disposed  of  by  standard  proceduros* 
and  Ihtf  base  nloctrodos  wore  cloaned  with  a»«ty  pap^t,  if 
(toe  *ssary. 

Test  I, Ian  and  Criteria 

25.  normally  the  sensitivity  measurernents  were  Made 
uilno  the  "Frankford  Run-down"  type  of  test  plan.  Fifty 
trials  wcr.'  carried  out  at  each  test  level.  Jach  successive 
level  was  chosen  In  an  effort  to  find  a  level  at  which 
there  would  not  be  Initiations.  It  was  observed  that  In 
r.ost  cases  the  distribution  was  non-nc<iir.al.  For  instance* 
there  are  capacitor  si:cs*  in  the  case  of  steel/rubber 
electrodes,  v/here  a  certain  percent  of  the  trials  lead  to 
Initiations  but  wher?  voltaae  levels  cannot  be  found  at 
v.hich  100  percent  Initiations  can  he  observed  ...  a  sort 
of  Inherent  dud  rate.  Since  this  whole  prograM  has  been 
oriented  toward  d**vwlopinj  Infore-ation  relevant  to  handlin9 
probler.s,  it  is  dosiroble  *o  estifsato  ef  the  thresh- 

hold  cf  sensitivity.  •her?fof»^.  excert  jf  noted,  the 
r<«  lor*  ed  -.'‘nsl  •  Ivitv  level  is  lh«;  alnhesj  Ivvel  at  which 
rc  sxTlosions  /<-re  ^.oserv .’d  in  fifty  trials.  — 

26  The  decree  of  ccnsuxption  cf  loose  explosive 
Varied  fron  the  emission  of  a  snail  cn;cunt  of  sinok}  to  a 
cenplet-*  fcurninn  or  detonation,  Thj  t/pe  of  lonltion  «raa 
noted  in  all  eases  and  it  is  usual  i.o  base  the  sensi¬ 
tivity  cn  the  ••vidence  of  ’he  nlldest  ignition  for  safety 
nurpeses,  since  with  a  larger  mass  cf  r.at. trial  than  is  used 
in  the  test,  a  detonation  cr  mass  explosion  r.ay  ensue. 
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quality  of  »h?  ccnflonser).  In  in*  s-cord  C'se,  henevor, 
the  erergy  avajlshle  in  tiie  s;.ark  g* »  is  ar.prc*'.n;ai  jly 
10  perc  -nt  •>(  1/2  •«»  r"T»aincvr  h*Ing  dl«slp-.'.ed  In 

tho  roober,  ref-r.»nce  (b). 
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Rt^  *S 

CoTparison  of  Restilte  from  the  i.OL»Putit  Agoerattx  with 
Thc^e  Found  in  the  U.  K. 

23.  trteally.  comparison  tests  should  haeo  been 
carried  out  with  the  sar.e  sa«ples  of  explosive  as  were  used 
in  the  U.  K,  This  was  not  possible,  so  explosives  were* 
chosen  which  were  lixeiy  to  behave  similarly  to  two  typical 
British  primary  explosives.  These  were  U.  S.  nctnal  lead 
Styphnate  (used  as  received)  to  be  compared  with  British 
noiv«l  lead  styphnate  RO  1303.  ar.d  U.  S.  polyvinyl  alcohol 
lead  aside  (used  as  received)  to  be  conpared  with  British 
Service  lead  atide. 

29.  The  sensitivities  of  there  two  U.  S.  explosives 
were  detemined  with  the  steel/rubber  electrodes  (rubber, 
positive  'jrcund:  steel  needle,  negative  high  ootentlal). 
Figtire  5  ccmparcs  the  results  obtained  in  the  U.  K. 
references  (d)  and  (e)  for  noreal  lead  styphnate  RD  1303 
and  service  lead  aside  with  these  obtained  for  U.  S.  norwal 
lead  styphnate  and  PVA  lead  aside  on  the  new  apparatus.  In 
both  cases  the  results  cocparc-  very  favorably,  although  for 
lead  styphnate  there  is  a  difference  for  capacities  below 
19  curfd.  However,  this  is  not  felt  to  be  a  significant 
dif fetwnce. 

33.  ''asts  wl'h  s:--»l/‘'sf' *l  jl-*c*rcd^s  shewed  i;.at 
the  minirwir.  ener  iy  fer  V.  S.  l->sd  styphns'v  was  1*5  vr3s. 
which  w.fh  •he  valu*«.  cuotvd  in  references  (b)  and 

(c*.  lead  w;ip*  .  r.cl  exi—ined  un-Jer  th^se  ccnJliions. 

Jl.  "hus,  sv't:a':iol!y  IJ-’n’ical  results  were  obtained 
on  the  ’..vi;  pieces  o:  a.'.. iratus, 

■ff ^c*  c*'  i  flirity  'i  > -.r’-c*  In  ~.jcbe r/"*eel  ;  l.<c-.rr-»ws 

■i.  Pr— .Icus  t'«r ^rlrwntt  Heo  sh:/.n  that  with  st  vysisel 
vlecipcdes  at  low  «r.«riies.  -here  vjr/  litM-  differenc* 
wh-ther  the  needle  elictcc--  /-as  r&s»tl*»e  or  nena’ive  wi’h 
respect  'c  the  case  ■  l-‘c*.rcds,  r'fere.  ce  (c).  'h«-re  a 
possillli'v,  Iicwever,  t.-a*  this  «culd  not  cv  ihe  case  when 
the  b*se  "lectr'ide  *fS  covered  with  conduc'ing  tubbvr. 
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33.  riQuro  6  shows  hew  the  sp^rk  sersitivitlet  of  ttonel 
l<>ed  styphnatc  and  PVA  lead  azide  changed  when  the  polarity 

of  the  steel  needle  was  changed  fro*  nejative  to  positive. 

;Vi*h  lead  st^phnate  the  Ignition  energy  values  %»ere  halved 
throughout  the  range  of  capacity  26  mnfd.  to  6,0C0  iwnfd.  How« 
ever,  this  was  not  a  large  effect,  and  both  sets  of  results 
fall  within  the  area  i.nrieally  associated  with  the  sensitivity 
of  lead  styphnate.  reference  (e).  For  milled  normal  lead 
styph.iate,  the  difference  was  smaller,  see  next  section. 

34.  For  PVA  lead  azide  the  results  with  needle  pcsltlve 
were  again  lower  than  these  with  the  needle  negative,  and, 
since  this  compound  has  an  appreciably  higher  minimua  capacity 
for  ignition  than  dees  lead  styphnate,  there  was  the  additional 
effect  of  lowering  th*s  variable,  i.e.  frem  a  value  of  about 
400  emfd,  to  one  of  abcut  200  mmtd. 

36.  It  is  possible  that  a  capacity  effect  exists  with 
lead  styphnate,  but,  since  the  minimem  capacities  in  this  case 
are  sc  trail,  any  difference  is  not  likely  to  be  signlficent. 

36.  These  tests  shew  that  there  anpears  to  be  a  small, 
but  significant,  effect  with  cxslssivos  such  as  lead  aside 
since  the  M-.lnir.um  capacity  for  ignition  is  lowered.  The 
effect  with  lead  styphnate  is  net  significant. 

37.  The  reason  for  the  difference  with  lecd  atlde  Is 
not  clear  at  present.  It  may  be  connected  ulth  the  non> 
unlforr  distribution  of  energy  In  the  gap,  reference  (c). 

It  would  be  desirable  to  standardize  the  polarity,  but  tils 
may  have  to  await  further  work  on  the  mechanism  of  ignition. 

"ffect  of  Particle  Sire  on  Sc-nsittvlty 

33.  Figure  7  shows  tne  sensitivities  of  normel  leed 
styphnate,  unniJled  as  received,  and  'ullled,  using  steel/steel 
electrodes,  with  capacities  of  246  rrfd  and  600  mmfd.  The 
minl>rum  ignition  energy  ^26  ergi)  was  the  same  for  both 
particle  sizes,  out  the  percentage  of  ignitions  rose  more 
sharply  in  the  case  of  the  nillcd  raterial  as  the  energy  wet 
Increased.  Relow  2G0  mmfd  the  minimum  Ignition  energy  for 
'he  milled  styphnate  dropped  to  90  ergs  at  30  mmfd,  and  46 
ergs  at  26  mmfd.  The  IXJL  figure  of  '<.62  ergs  for  60  mmfd  fits 
fairly  well,  reference  (g).  The  large  value.  13.260  ergs, 
given  for  unmilled  normal  Iced  styphnate  In  reference  (h)  It 
difficult  to  understend. 
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3*}.  Fi9ur«  6  tht  wt  tho  tivltlco  of  the  unrillHJ  «na 

Milled  lead  «;>chnote  uting  cteei/rubber  electrodes,  the 
steel  needle  belnq  «t  positive  or  nc<jetive  M9.*t  pct^ntiel. 

The  curves  for  tne  unmilled  styohnote  ore  the  sore  os  those 
9lv«n  previously  in  Figure  6.  For  copocivies  creoter  thon 
2C0  msfd,  there  «ros  little  difference  bettveen  the  sensitivities 
of  tne  milled  roteriol  (needle  positive  or  nesotive)  ond  the 
unmilled  rotertol  (needle  posi’ive).  Relo**  this  cepocity  the 
difference  beco*^e  lorger.  or.d  fer  eopocities  less  thon  80 
the  eneroy  required  to  iqnite  the  unmilled  st>phnote 
increosed;  whereos.  in  the  cose  of  the  milled  roteriol.  it 
•os  still  decreosinq. 

40.  Leod  oride  mith  steel/steel  electrodes  qove  decreot* 
ing  rinimum  energies  os  the  porticle  sire  uos  reduced,  e.q. 
British  Service  lead  otide  gives  20  ergs,  colloidal  leod  oridt 
about  2  ergs,  ono  for  an  arid#  intenrediote  in  size,  afcsut  6 
to  10  ergs,  reference  (c).  However,  this  is  felt  to  be  partly 
0  geometrical  factor,  since  the  smaller  crystals  will  be  nearer 
to  the  short  arc  discharge  than  the  larger  crystals.  The 
needle  pushes  the  larger  crystals  further  away  from  the  spot 
at  which  the  discharge  tales  place. 


•  i  •  ♦  •  a  •  • 

•  •  •  a  •  •  •  •  •  •  •  •  •  •  • 


Sensitivity  of  Taslc  lead  St-ichnate 

41.  Using  steel/steel  electrodes  (the  upper  one  being  « 
needle)  end  a  capacity  of  600  m-fd,  partial  Ignitions  of  bjsie 

l«ad  styphnate  •ere  obtained  ebeve  2,000  ergs.  Selcw  this  / 'Jr 

figure  only  small  amounts  of  the  styphnatm  »ere  Ignited,  as  m  a  • 

indicated  by  Hath  burn  mares  cn  the  roll  •••$.  There  was  no  ~  ..  r-  ;• 

visible  result  far  energlcj  heiow  600  •ts%,  H-^ever,  when  a  -S*.  • 

plumb-bcb  eia-'trede  was  sutstitvtad  tor  the  nevcle  electrode,  .‘.y 

partial  ignitians  were  obtained  down  to  SCO  «ras.  At  this  point  ■‘•.‘‘•I*-  V'-.v. 

it  became  diff;c*>it  to  discharge  the  condenser  •Ith  this  shape  .  .-r*!-' 
of  electrode.  Ey  changing  the'eapacity  to  80  t-rfd,  so  that  '.-I'. *v'v *  •  . 

larger  voltages  ccuid  be  «m.plo>ed.  partial  ignitions  were  •  ' 

obtained  down  to  136  ergs,  when  it  again  oeca*e  1  pcssiole  t«  ..  _ _ 

discharge  the  condenser.  -V  .. 

•.*  •.*  ••  *•  •.*  *  •  *w  *•  * 

42.  Pwfervhce  (g)  showed  that  complete  ignitions  were  *•  vV V 

obtained  by  charaing  a  60  m-jfd  ...-'•city  to  volrages  abeve 
4, COO  volts  (l.c.  acove  t.COO  ergs).  *ith  the  particular 
electrode  arrar aerant ,  it  would  net  be  easy  to  detect  partial 
ignitions,  i.e.  if  little  sreka  or  light  wjs  emi*ted.  It 
was  observed  that  in  ottemotlng  to  destroy  these  sa-ples  of 
basic  lead  stypno^te  which  had  not  ignited,  energies  far  in 
excess  of  that  fwr  the  predicted  ICO  percent  Ignition  point 
were  needed.  This  Is  likely  if  seme  of  the  styp.-.nate  had 
Ignited  in  the  trial,  lae/<ng  a  dos*nsiti<vd  residue  due  to 
contamination  wi'.n  lead  or  carbon  '**‘"vc-f>r.»itlcn  products.  A 
further  difference  in  the  results  is  accounted  for  bv  the 
substitution  of  a  plu<rb«hcl:  etectrsde  for  a  needle  electrode. 
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.vlth  th#  sto^l/ru-tar  eljctrcHcs  (upper  cloctroda 
ba'ni  rtuab*h.b).  it  nora  v-tual  to  obtain  eon'^lotc 
i  u;.ion»  rathrr  than  partial  ones.  Though  only  •  fc«»  trial* 
•ara  Carrie**  out.  nea.iy  aii  re«ult<.H  in  ignition  a  voltage* 

~  ich  »*r«  ccoable  of  giving  a  dltcbarg*.  Thu*,  a  Unit  based 
:h>*«  .•kuerieent*  can  be  given.  »hich.  In  the  case  of  ttevl/ 
rubber  electrodes,  is  Ct ^sidvrably  more  than  the  mlninuM 
itnition  energy.  Figure  9  sho»s  the  upper  values  for  capacltie* 
of  2t.  :*3.  and  245  enfd. 

44.  Pefere  discussing  these  result*.  It  vlll  be  n4ce**ary 
to  co.%  are  result*  for  the  t«kT>  ferx*  of  beta  basic  lead  styph- 
n.ate,  lO  1j4o  and  HD  li49.  a*  obtained  previously  by  tiCL. 
reference  (g),  and  by  the  author  in  the  U.  K..  reference  («}. 
“.efererce  (o)  indicated  a  value  cf^62  ergs  for  RD  1346. 

and  ap.'rokinateiy  ICO  ergs  for  1349  (obtained  by  estrapo* 
laticn)  for  the  -iniauot  energy  using  a  capacity  of  50  aafd. 

These  tao  figur*;*  agree  fairly  «eil  with  those  obtained  in 
the  w.  K. .  reference  (d)  .vCSt  iO  1346  sarples  gave  value*  In 
the  rtgion  of  erg*,  ‘’'he  early  saicples  of  F9  1349  tested 
in  the  U.  K.'  had  a  sensitivity  less  than  normal  lead  slyphnat* 
as  jud;ei  by  results  using  ateel/steei  electrodes.  MlnicNMi 
e.'.eroie*  of  200  ‘o  •■no  erg*  cbtsih.?d  -Aith  the  xejority 

cf  the  ignitions  being  partial  ores.  The  Irtdicated  decreased 
sensitivity  vf  T-O  1349  as  ccr.pared  to  other  forms  of  lead 
styphnate  was  based  on  these  results.  However,  a*  the  method 
cf  preparation  was  improv'd  so  that  H3  1349  cculd  be  made  cn 
a  lar9<.*r  scale,  the  samples  teedtd  to  be  more  sensitive,  with 
.'rergies  of  150  to  200  ergs,  ‘'’hen  a  representative  sample  of 
a  larcvscale  preparation  was  tested,  using  the  steel/rubber 
electrcd**.  similar  results  tstn.sefor  ncrnel  leao  styphnat# 
•ere  obtained,  including  a  precc-d?ranc#  of  comolete  ignitions. 
In  fact  there  was  little  difference  between  normal  lead  styphe 
nates  P3  1302  and  1303,  and  beta  basic  lead  stvphnates  RQ  1346 
and  1349,  reference  (e).  The  yellow  form  of  alpha  basic  lead 
.typhnate  was  more  sensitive. 

45.  Since  the  figures  given  for  the.  ignition  limit  for 
I*.  S.  Standard  basic  iesd  styphnate  (the  alpha  polymorph, 
reference  (t)}u*ir.g  steel/rubbtr  electrodes  are  likely  to  be 
at  least  3  to  4  times  too  large,  it  can  b*  concluded,  taking 
all  th*  result*  Into  consideration,  that  its  sensitivity  is 
about  the  same  as  normal  alpha  lead  styphnate  and  the  twe 
be*«  ^?Tic  lead  styphnate*. 
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c*  Per;!*  Te<r*c»n» 

<6.  T^**  r*«ult»  for  ‘^lll»<l  DON?  viifv|  5t»el/njbc*r 

«l«ctroi!«»  «r«  shown  in  Flqur*  10  «lco?  with  cc^paratiw*  U.  X. 
v*lu*«  for  =4atrin«tra  load  a; sil%or  a:ido.  lead  2:4 
dlni’rcrescriinate  ard  *etrac>.no.  The  etjK?  sarple  was  rather 
old.  ana  rh-s  thera  is  scso  d"ubt  as  te  its  purity.  Hewewer, 
all  ij'‘iti:r.s  were  coa^let*.  Tests  were  not  carried  out  on 
ateel^'steel  olcctrodes. 

47.  Only  a  few  trials  were  carried  cut  cn  tetracene. 
but  the  :*ini—*-  i9nitian  enero  es  for  capacities  of  iCO  and 
1950  nrfa  are  ^rea^er  tsan  10  CO  cr^s.  The  figures  ebtained 
for  Pritlsh  te-racene  ’.l.O.X.  at  £.a.3. £.  were  ^t*0  ergs  at 
12C  r«fa,  2. 320  at  500  rrfd,  sd  3.000  ergs  at  1,000  errfd, 
seference  Ifi.  This  is  fcr«  .  which  is  usually  ettained  fr«s 
conrercial  sr.rees.  Font  8.  whi:h  has  teen  found  to  be 
present  in  sc«*e  ec*^er:iil  sanpl>s.  gives  similar  figures 
escept  at  the  s*alle«  caaaclty  end.  The  cerrespondint  values 
are  4,905,  2,5C0,  and  4,COO  ergt  reference  (e). 

44.  Lattice  plane  spacings  itex  an  s^ray  powder  photo* 
grach  cf  U-  S.  tetracene  were  eenpared  with  these 
obtained  fre-  foms  A  and  3.  They  suggested  that  the  L*.  S. 
tetracene  wss  for*  A.  but  the  evidence  was  by  no  reens  con* 
elusive. 


4<»,  The  sample  of  0.  S.  tetracene  was  several  years  old 
ai.d  tnis  wa/  account  for  the  decreaseo  ssrsltivlty  as  cc-rared 
wt:h  the  C.A.C.E.  saople. 


STsi*ivltv  cf  '*'»tal  Tsiveant  Viaturcs 

50.  "^.e  seitsltlvltl*s  of  sev.  -al  retal.*o»4*l.»''t  restores 

based  cn  riTr:'’n.n  and  beren  have  tee-,  investigated,  -.efer- 
ence  »jJ  inri:.»ted  that  the  rlr  for  the  rrl-er  user  in  tr.e 
Ps  10  v;3  r  leiay  £l''*’f'‘t  {based  on  eerrtni*,';)  was  sens.tive. 
r.cfere-ce  states  tr.it  a  layer  cf  ccr  ni-.a-  retal  pewcer 

can  be  w=»h  <rn»r:ies  of  less  than  iO  ergs. 

51.  '"'■e  conresifen  cf  the  varlc-js  tirconiu-  -iatures 
tested  fer  srars  sensitivity  In  ♦»»5^  series  of  tes*s  is  giver 
in  'able  T.  In  additic.r  to  fhls,  a  beren  risture  (a  ?i*»'inny 
Arsena.  celiv  cc-ccsiticn)  ct  boron/'nric-  c.hrc-ete  (iC/vO) 

was  aisi  erected,  'acie  3  gives  their  •'.rieu*'  ignitic.n  eOeegivs 
using  steel* steel  electrodes.  Figure  .1  snows  the  steei/'ruccer 
results  {“eetle  pcslttve). 


14 

CONFIDCIITIAL 


4  ' 


e 


» 


» 


» 


i 


•  • _ • 


m _ 4 


OCMFIDCIfriAl 
NavOrd  lirpart  4633 


TabU  3 

XlninuM  Cnar-jias  for  Uatal  Powdora  and 
Slatal/Cxldant  Miaturaa,  Ualng  Steal/Staal  blactrodaa 


Coepoaition 

1 

Kl 

AlA  (Universal  Hatch  CorpC) 
AlA  (M'L) 

F33fi 

112-60 

Lead  Lloxide  ttlx 

Zlreoniua  (Aerial  Products 
Corp.)  for  nix  above 
P/BaCxO^ 

Tltaniun,  as  used  In  02-60 

eMl2 

2d 

100 

4*600 

47 

16 

660 

xw.  60*0C3 

Thla  su99a«ta  that  tha  firat  »t*p  in  tha  ignition  procaaa  la 
tha  lonltion  of  rirconiM«  natal  in  tha  oxy^an  of  tha  air. 
rhia  ia  foliowad  by  reaction  with  ferric  oxide  which  needa 
a  tarter  energy  of  initiation.  In  the  cate  of  the  02o60  nix* 
tore,  where  a  large  proportion  of  tha  rirconiun  ia  replaced  by 
the  leaa  aenaltlve  titaniun.  a  nwch  larger  energy  waa  regulred 
Tltaniun  po-vdar  of  the  alia  diatributton  for  the  B2-50  ma¬ 
ture  aave  tha  following  energlca  for  ignition:  stcel/ateal, 
approxiaately  iO.COO  eraa;  ateel/rubber  for  a  capacity  of 
n.OaiS  nfd,  approxlnately  OCO.OCO  erga.  In  the  case  of  tha 
lead  dioxide  «lx  which  h^d  about  the  aane  aenaitivity  aa 
zirccniun  itaelf.  the  second  ataqe  reacllcn  involving  lead 
dioxide  rust  rcgviire  nueh  lasa  energy  than  the  corresponding 
one  w=-,hr  ferric  oxi«le,  sr.d  rtofrably  la  ainiiar  to  that 
Tcgulrod  for  ignition  of  zircuniuai  in  air.  This  sc-re»a 
plauaible  since  lead  dioxide  ia  a  ouch  -ore  reactive  cxidant 
than  ferric  oxide. 

hC.  Aa  expected*  there  waa  a  ccnaiderable  difference  In 
the  rate  of  cenbuation  of  rirconiun  netal  and  the  lead  dioxide 
nix.  In  fact,  cenbuation  of  ‘he  foneer  and  the  ferric  oxide 
fliixtures  on  the  rubber-top.-ed  electrerfea  waa  alow  enough  to 
chrr  the  rubber  to  auch  an  e«tert  that  they  could  not  be 
reuaed.  T!ia  property  sakea  aone  of  these  naterials  leas 
hazardous  to  handle  than  would  be  indicated  fron  a  consider¬ 
ation  of  the  ignition  energies  alone*  although  preaunahly  a 
dust  explosion  of  then  could  be  very  dangerous. 
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SontHlvlty  of  Ap»wt‘ntiim  ?*r^Mcrate> 

Apiinoniu.'n  S  ^^:hlorat<'/.»lu~.^nlln^.  .md  \  !'r^ 

66.  Te«tt  were  eerried  out  on  the  follo«in9  .raterlalst 

{p«i»«d  3i>6  i.e.  44  micront) 

A?  coated  elth  <  rapKlto  (96/4) 

AP/«iumlnufli  (76/26) 
propellant. 

Sair.plet  of  the  first  three  wera  tested  in  the  bulk  state. 
Samples  of  the  propellant  «ere  prepared  by  means  of  a  cork 
borer  fret  a  slice  of  thickness  varyino  fro^s  0.02  to  0.C4 
inch.  All  samples  were  confined  in  collars.  In  the  case 
of  the  steel/stcel  electrodes,  the  collars  were  fixed  to  the 
steel  with  adhesive,  >-ith  the  steel/rubbor  electrodes,  the 
collar  was  placed  In  position  on  top  of  the  rubber,  no  adhesive 
being  used. 

66.  The  plunb'bob  type  of  upper  electrode  was  useu 
throughout.  A  condenser  of  0.267«nifd  capacity  was  used  at 
voltages  up  to  2.000  volts.  (Tests  with  steel/stcel  elec* 
trodes  with  a  smaller  capacity  charged  to  higher  voltages 
resulted  in  the  samples  cf  A?  end  AP  mixtures  being  blown 
away  before  the  passage  of  the  spark,  even  though  the  collar 
was  In  place.)  A  few  trials  were  carrle.  out  using  a  smaller 
capacity  at  higher  voltages  with  the  stael/'rubber  electrodes, 
and  with  the  propellant  cn  stcel/stwel  electrodes. 

57,  *wo  groups  of  tests  were  carried  oui.  The  first 
was  at  rocn  humidity  (anprox'.r.ately  30  percent  relative 
humidity)  and  with  the  sample  .-.s  received.  The  second  group 
was  at  scroAhat  lower  huir.ldi ti"»s  (e,  g,  17  percent  relative 
humidity  cbtained  by  placing  dishes  of  phcsch.orcus  pentoxlde 
in  the  chambers)  and  with  the  sample  being  used  as  soon  e« 
possible  after  having  been  dried  ov*rnighi  !•»  a  desiccator 
ever  phosphorous  pentoicide. 

6»1,  /O/slumlnum  \7;/26)  was  tested  first  at  about  30 
percent  relativ*  huTidlty.  Partial  Ignltlcn*:  were  obtained 
above  aprrcxl»a« ely  0.?2  Joule  using  steil/sttel  electrodes, 
see  .'able  4.  At  13  to  TO  percent  r-.  l.uiv.;  humidity  »nd 
overnight  drying  of  the  sam:>l»,  portial  ignititnr  weio 
obtained  ab-.’vo  approximately  <'.16  Joule,  'hese  par’ial 
ignitlcns  /.er*  Judged  mainl/  b/  an  Ircroi  *  ip.  the  sou.id 
emitted  uv*r  that  of  the  spark  discharge  itself.  ';cn«umt>iloo 
of  mctorial  gave  no  clue  since  most  of  it  -as  blown  out  of 
the  collar  tv  the  discharge  enyv.ay.  -Hh  steei/rubbar  elec¬ 
trodes  no  ignitions  rote  obtained.  i.'o  Ignitions  »ere  found 
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wUh  AP,  AP/qr*;'hlt#  (96/4),  or  ««lth  th*  ptopelltnl 
indlcaU'd  In  T^bl* 

'9.  It  la  posaibl*  that  a  fin*  dl«n*r^ion  of  th*  AP/fuel 
niintur*  in  air  could  b«  lgnit«d  with  smaller  on*roi*a,  although 
not  n*c*a!tarily  to,  iir.c*  largor  onorgl-.**  wore  n**dod  for 
dust  elcuda  than  for  th*  layers  of  tnagii*alunt  and  xlrconlun, 
r^foronc*  (J).  Th*  potential  dlff'»r«‘nc*  b#tv»*en  th*  two 
ol*ctrod*a  causoa  son*  of  tho  AP/fu«>l  sampl*  to  b*  blown 
away  up  from  th*  baa*  «l«€trod*  and  dlanovard  in  th*  air 
within  the  collar  when  th*  diacharg*  taKea  plac*.  Th*  t*at 
probably  covert  both  condillont,  1.  *.  an  undlalurbed 
layer  and  an  aerial  dlsperaion.  Reference  (j)  g.vea  a 
minimum  energy  valu*  of  0.06  Joul*  for  the  moat  harardoua 
tampl*  of  aluminum  teated  at  a  duat  cloud.  Reference  (k) 
glvot  0.047  joul*  for  a  duat  cloud  of  alumirum  when  a 
reaislanc*  of  76,000  ohmt  la  In  terlet,  the  air*  of  th* 
aluminum  being  auch  that  90  percent  paased  a  2C0  3.S.l>.  tlev* 
(76  microns). 

60.  Since  th*  energies  Involved  In  th»  one  case  where 
partial  ignitions  were  obtained,  1.  *.  AP/Aluminuffl  mixtures, 
were  larger  than  the  above  figures,  and  much  larger  than 
those  capable  of  Igniting  primary  explosives,  it  Is  very 
unlli..'!-/  that  aceldentel  ignition  of  .'O  mlxtur?s  by  static 
discharge  would  occur. 
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61,  Th^  •«'n9ltlvltlo4  of  ADX,  t^tryl,  P?TM,  KliMD,  and- 
DA'B  '•;cr*  t»9led  in  lha  bulk  stata.  tf  tbasc  only  P  iTM  and 
UATO  gave  ccmpla'e  or  nearly  complete  Ignitions,  with  energies 
of  less  than  I  Joule.  HDX  and  tetryl  gave,  at  most,  an 
Indication  uf  Ignition  by  nmlttlng  some  smoke,  itowever. 
these  required  energies  of  I  to  1.26  Joules,  KiUD  was  Ittert 
up  to  1.6  Joules. 


62.  The  detailed  results  are  as  follows,  plumb-bob 
el-.'ctrodes  being  used  throughout. 


(a) 


na<,  Tetryl,  and  KIHIU.  The  results  are  given 
In  Table  6.  The  tests  were  conducted  with  and 
without  collars.  Since  there  was  no  maiked 
difference  in  the  result,  this  variation  in 
the  condition  has  not  been  included  in  the 
T  able. 


T-ble  6 


Explos¬ 

ive 

Ignition  vs.  Energy  for  HOX, 

ilec* 

trode  lonltions  vs 

Tetryl,  and 

.  "rials 

a 

1 

*•  ^4  •  *1  •  **  *•  •  • 
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s  smoke  omitted. 
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(b) 


?  end  LA^n. 

.  ab  j  e 

steel/sl-?-*l  electrodes 


The  results  are  giv»»n  in 
rxeept  in  th-»  case  of  ?JTN  with 

hero  was  no  confine- 


.  J 


m  jnt.  ..ith  LAm  ihero  was  no  movemen*.  of  the 
explosive  iind»r  the  influence  of  the  .>loclric 
field  and  v-'ry  little  trovement  as  a  result  of 
passage  of  the  electric  dischar-je.  *hus 
confinement  was  unnecessary.  ?Tr:i  either 
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gav«  ar<  easily  det<.‘Ctable  anount  of  snok*  or 
.  a  nearly  ccrpletc  Icniticn.  aith  CATS*  feur 
degrees  of  ignition  i^ere  found: 

(1)  A  very  saall  azicunt  cf  tcioke.  l.e. 
s£ciie  that  was  just  visible  (denoted 
IS  V.S.). 

(?)  A  snail  amount  of  sacke.  l.e.  sa^tke 
that  was  easily  detectable,  leaving 
cost  cf  the  explosive  untouched  (Sj. 

(3)  A  ptrtial  igniticn,  i.e.  abcut  half 
the  -at •‘rial  disict>trared  with  wA 
.-rcr-isiible  "crack*  (?). 

(4)  An  alncst  eonplcte  ignition,  i.e.  nearly 
ail  the  r.sterial  ignited  with  a  corres- 
ptr.iir.gly  lauder  'crack*  (C). 

"’akie  T  shews  that  the  results  obtained  with 
CATS  and  ?.;T\  were  quite  slr.llar.  ulth  (»fu2 
appreciable  -eiction  started  occurring  at 
enerairs  :n  the  erdtr  cf  C.ii  i**ule;  with  fST*! 
appri:ia:le  reaction  was  ccc-arrlng  In  the 
enerr,'  rir.t*  of  C.6  to  l.Zt  joules.  Although 
the  -arrina  is  not  oor.plete,  at  the  energies 
ccr.sijered  -ATS  has  a  cc.-srereble  sensitivity 
to  T izi  similar  prsceutlcns  should  aruly. 

iOI.‘C  shcul'J  not  pres-nt  ahy  static  hazard. 

63.  The  results  jisrn  In  "atles  f  end  7  show  that 
with  h,.rst  *r  and  hich  txrlcslv-s  it  w.^uld  be  preftfrable  to 
♦«.:!‘lrr«nt  the  above  tests  with  ones  usir.j  rare  vigorous 
corcitiens  of  cent ine.-er.t  ard  spark  er.ert/. 
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a.'JCLUSKflS 

64,  th?  !X.‘'--kullt  r«pllca  of  th# 
arrears  to  ba^ava  in  an  idantical  :nannar  tc  tha  criminal* 
aciti  thus  cm  be  used  for  coivarison  purposes.  Xt  is  fall 
that  this  aathed  ct  tasting  prirary  axploslvas,  Ir.volvin) 
the  usa  of  a  ccnd^cting  rubber  basa  alactroda,  ptv^idas  a 
realistic  naasurarar.t  of  alectrostatic  hazard,  t  sclllooraphU 
exparirx*nts,  rafatanca  ;a).  shcaad  that  tha  discharge  troa 
a  condenser  in  a  circuit  containing  tha  ruccar  alac.rcca  was 
vary  rlnllar  to  that  obtained  from  a  charged  huran  being. 

60.  rro£  tha  series  cf  tests  reported  htra,  it  can  bo 
concluded  that 


(a) 


Tha  sansillvity  of  U.  S.  Standard  alpha 
basic  lead  stychnata  is  abcat  tha  sane  as 
nomal  laad  styphnata  and  as  tha  British 
ferns  of  beta  basic  lead  styphnata  dasignatad 
sa  and  ta  1341. 


(b)  Thar*  is  no  la*aa  %'arlatlon  In  sansltivtty  of 
Aomal  lead  styphnata  with  particle  site, 

(ej  Tha  sensitivity  of  D0t;P  lias  between  »het 
of  lead  2.  <-dinitro  resorcinate  and  lead 
arid#  (r.'A  type). 

(d)  The  sensitivities  of  U.  S.  tatracena  and 

*J.  K.  tatrae«:.«  are  not  identical.  Hcwtver, 
this  ray  be  d^e  to  tha  diffa  anca  in  age  of 
tha  two  s«rpl;s. 

(a)  Srall  sensitivity  differences  are  feund  depend' 
ir.g  ur;n  whether  the  rubber  basa  alactrcda 
Is  et  pyfitiva  cr  negative  high  potential. 

Jf)  "•■a  sensitivities  of  various  ratal/ceident 
rixturas  based  cn  circoniuis,  trren,  and 
•itaniun  ’ail  in  the  range  usuallv  assreieted 
with  primary  excicsives,  arc  accrerriate  pre- 
caationi  should  be  taken  in  handing  the-. 

(g)  the  rlxturas  bas»d  on  en.'xniur  rercMcrate, 
c.nly  the  AT/Aluninun  (75/25)  rlxtura  could 
r»  irnlted  r-lcw  0.5  joule,  end  these  *eta 
rartial  isnitin-e.  Thus  fl?  nixtvxti  art 
unlikely  tc  present  an  alen*rcstatic  hazard. 
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Cf  thr  folloKin;  bosst^r  *nd  hl^h  »xplosive» • 
RD::,  PcT?:.  and  UATO  —  only 

PcTN  4nd  ::.aTJ  Qav#  or  nearly  ccirplete 

igni'lor.t  nith  «nor?itfs  of  lost  than  1  ioulo. 
ROX  and  totryl  «nltt->d  a  little  saioke  above 
1  ‘O’jle.  K'^tO  na*  inert  up  to  1.5  Jcule«. 

Thu*;  und-^r  certain  co“.di*.icns  It  ral-jhi  be 
ntc,*s«ary  to  take  rrecautions  vilth  ?iTN  and 
UATC,  tut  th*?e  are  unlikely  to  :#  needed 
with  any  cf  the  other  evnlotlves. 


ACi^'X-iLEOCiVEhTS 

66.  The  author  aithes  to  thank  the  n'.er;bers  of  the 
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